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Background: To evaluate the protective effects of curcumin in experimental ischemia and ischemia/
reperfusion (I/R) injury of rat ovaries.
Methods: Forty-eight female adult Wistar Albino rats were used. Rats divided into six groups and
designed: Sham, Torsion, Detorsion, Sham þ Curcumin, Torsion þ Curcumin, and Detorsion þ Curcumin.
Except for the Sham and Sham þ Curcumin group, all groups were performed to bilateral adnexal torsion
for 3 h. Bilateral adnexal detorsion was implemented in the Detorsion and Detorsion þ Curcumin groups.
The injection of curcumin was intraperitoneally achieved 30 min before the sham, torsion and detorsion.
Results: Total oxidant status levels (TOS), oxidative stress index (OSI) and histologic scores values of
ovarian tissue were higher in the torsion and detorsion groups than the sham group (p < 0.05). There
was a strong correlation between the total histologic scores of I/R injury and the OSI (r ¼ 0.809,
p < 0.001). By the use of curcumin, a signiﬁcant decrease was established in the mean levels of oxidant
markers and histopathologic scores of the ovarian tissues.
Conclusions: Administration of curcumin is effective in reversing tissue damage induced by ischemia-
reperfusion injury in ovarian torsion.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Adnexal torsion is an acute abdominal disorder that can affect
women of all ages, thoughmore frequent inwomen of reproductive
age.1 It is a gynecological emergency which accounts for 2.7% of the
cases with acute abdominal pain. Once diagnosed, the twist can be
surgically detorsed to restore the normal blood ﬂow and thus
prevent necrosis.1,2 When the normal blood ﬂow is reinstated, the
ischemia/reperfusion (I/R) injury leads to vital consequences for the
ovarian torsion. The reasons for IR-induced ovarian injury include
release of cytokines and free radicals, thrombocyte and neutrophil




ciates Ltd. Published by Elsevier LtThe reactive oxygen species (ROS) are produced during the
ischemia or reperfusion period and release activated neutrophils
such as superoxide, hydrogen peroxide, and hydroxyl radical. In-
dependent evaluation on these markers would be unpractical and
also insufﬁcient for a wide-ranging assessment. The total antioxi-
dant status (TAS) was employed to assess the general antioxidative
status.7 As well, total oxidant status (TOS) is obtained to ascertain
the overall oxidation status.8 Represented as the ratio of TOS to TAS,
the oxidative stress index (OSI) is regarded as a more precise index
of oxidative stress on the tissue. A number of anti-inﬂammatory
and antioxidant agents were used to prevent I/R injury.4e6
Curcumin [1, 6-heptadiene, 3-5-dione, 1, 7-bis (4-hydroxy-3-
methoxyphenyl) (C21H20O6)], is a yellow-orange dye which is
extracted from the spice called turmeric and possesses both anti-
inﬂammatoryantioxidant and anti-carcinogenic effect.9 Recent
reports revealed that curcumin can be effectively used in the
treatment of I/R injury in rat kidney, myocardium, and nervous
tissue.9,10
To our knowledge, the effects of curcumin on ovarian I/R injury
have not been investigated previously. The aim of this study is tod. All rights reserved.
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from ischemia reperfusion injury. Histologic and biochemical ex-
aminations of the ovaries were evaluated to analyze the protective
effects of curcumin administration.
2. Materials and methods
A total of 48 female Wistar Albino rats, weighing 220e250 g, were used in the
study. The study protocol was approved by the Dicle University Ethics Committee for
animal research (DÜHADEK). The rats were kept for at least 7 days under appro-
priate conditions of temperature/humidity and a 12-h light cycle while being given
sufﬁcient water and feed stuff. The rats were randomly divided into 6 equal groups,
with 8 rats in each. The groups included Sham (I), Torsion (II), Detorsion (III),
Sham þ Curcumin (IV), Torsion þ Curcumin (V) and Detorsion þ Curcumin (VI). The
resultant groups and their member rats were recorded by the researcher. The in-
vestigators carrying out the biochemical and histological analyses were uninformed
about the randomization till the end of the study.
Each rat was weighed and anesthetized with intramuscular ketamine hydro-
chloride (50 mg/kg Ketalar; Eczacibasi, Istanbul, Turkey) and xylazine hydro-
chloride (10 mg/kg Rompun; Bayer Türk_Ilaç Ltd., Istanbul). Following the
preoperative sterilization,a longitudinal incision (2.5 cm) was performed in the
midline area of the lower abdomen. In the Sham group, the uterine horns and
adnexa were observed for 1 min and then the abdominal wall was closed with 3e
0 silk sutures (Sham operation). After a 3 h period, relaparotomy was performed
and both ovaries were surgically removed. In the adnexal torsion model, the
adnexa including the tube and ovarian tissues were rotated 360

clockwise and
then ﬁxated to the abdominal wall.11 In the Torsion group, after a 3 h period of
ischemia, both ovaries were surgically removed through relaparotomy. In
the Detorsion group, bilateral adnexal torsion (3 h of ischemia) and bilateral
adnexal detorsion (3 h of reperfusion) were performed. Following the total 6 h
period, the two ovaries were surgically removed through relaparotomy. In the
Sham þ Curcumin group, curcumin (100 mg/kg; Sigma Chemical Co., St. Louis,
MO) was intraperitoneally administered 30 min before the Sham operation. The
procedure and dose of curcumin administration was based on the previous studies
that had been proven successful in ischemia and perfusion.12,13 After a 3 h period
following the Sham operation, both ovaries were surgically removed. In the
Torsion þ Curcumin group, curcumin was intraperitoneally administered 30 min
before bilateral adnexal torsion. After a 3 h period of ischemia, both ovaries were
surgically removed. In the Detorsion þ Curcumin group, bilateral adnexal torsion
(3 h of ischemia) and bilateral adnexal detorsion (3 h of reperfusion) were per-
formed and curcumin was intraperitoneally administered 30 min before bilateral
adnexal torsion. Following the 6 h period, the two ovaries were surgically
removed. When all these surgeries were achieved, the rats were sacriﬁced. One of
the ovaries was puriﬁed from the congested soft tissues and stored in a freezer
at 80 C for biochemical analysis and the other was inserted into 10% formal-
dehyde solution for histopathologic examination. All the samples were labeled
with consecutive numbers and then transferred to the laboratory.
2.1. Histological evaluation
Once the ovaries were ﬁxed in 10% neutral buffered formalin for 48 h, each
ovarian tissue sample was customarily cleansed through dehydration and then
embedded in parafﬁn. The samples were cut by using a 4 mm thick microtome (Leica
RM2125RTS) and then stained with hematoxylin and eosin (H&E). All the sections
were analyzed and photographed by a light photomicroscope (Nikon Eclipse 80i). At
least ﬁve microscopic ﬁelds were examined to score the specimens semi-Table 1
Histopathologic evaluation scores of the rat ovarian tissues in all groups (n ¼ 8).
Histopathologic scores Hemorrhage
Mean score  SD
Vascular congestion
Mean score  SD
Sham group (I) 0.2  0.4 0.2  0.4
Torsion group (II) 1.3  1.4 3.1  0.1
Detorsion group (III) 3.0  0.0 2.8  0.3
Sham þ Curcumin group (IV) 0.0  0.0 0.6  0.5
Torsion þ Curcumin group (V) 0.8  0.6 1.2  0.4
Detorsion þ Curcumin group (VI) 1.2  0.4 1.5  0.5
p Values
II/ I N.S. 0.001
III/ I 0.000 0.004
IV/ I N.S. 0.022
V/ II N.S. 0.000
VI/ III 0.000 0.001
N.S: not signiﬁcant.quantitatively. The criteria for ovarian injury included follicular cell degeneration
(granulosa cells), vascular congestion, hemorrhage, and inﬂammation (neutrophil
inﬁltration). Each specimen was scored on a scale ranging from 0 to 3 (0: none; 1:
mild; 2: moderate; 3: severe). The analysis on the ovarian sections was conducted in
a blinded fashion by the same pathologist.
2.2. Biochemical steps and analyses
The tissues were prepared at 4 C to estimate their oxidant and antioxidant
levels. They were also weighed and cut into small pieces, and then homogenized in
10 volumes of ice-cold phosphate buffer solution (50 mM/L, pH 7.0) using a ho-
mogenizer (Ultra-Turrax T8 dispersing homogenizator, Staufen, Germany). To obtain
a supernatant, the homogenate was centrifuged at 15,000 rpm for 10 min at 4 C.
Supernatant samples were used to determine the TOS and TAS levels.
2.2.1. Measurement of TAS
The TAS of supernatant fractions was measured using a novel automated mea-
surement method developed by Erel.7 This method both enables the production of
hydroxyl radical, which is the most potent biological radical, and the assessment of
the anti-oxidative reaction performed by the sample against the potent-free radical
reactions, which is an effect initiated by the hydroxyl radical obtained in the process.
The assay had perfect precision values, lower than 3%. The results are expressed as
nmol Trolox Equiv/mg protein.
2.2.2. Measurement of TOS
The TOS of supernatant fractions was measured using a novel automated
measurement method, developed by Erel.8 The oxidants were presented in the
form of ferrous ion-o-dianisidine complex which was oxidized to ferric ion. The
oxidation reaction is augmented by glycerol molecules, which are quite abundant
in the reaction medium. Through the ferric ion, a colored complex with xylenol
orange is obtained in the acidic medium. The color intensity, which can be
measured through spectrophotometric assessment, is the indicator of the total
amount of oxidant molecules present in the sample. The assay was calibrated via
hydrogen peroxide and the outcomes are expressed in terms of nmol H2O2 Equiv/
mg protein.
2.2.3. Determination of oxidative stress index (OSI)
OSI was regarded as the percent ratio of TOS to TAS. The calculation of OSI value
was dependent on the following formula14,15: OSI (arbitrary unit)¼ TOS (nmol H2O2
Equiv/mg protein)/TAS (nmol Trolox Equiv/mg protein). The results are expressed as
arbitrary units.
2.3. Statistical analysis
Means and standard deviations were used to describe the numerical variables. A
KolmogoroveSmirnov test was used to evaluate the distribution pattern of the data.
For the comparisons between groups, the ManneWhitney U test was used for in-
dependent groups andWilcoxon for the dependent ones. The correlation coefﬁcient
was assessed by the Spearman test. Data analysis was achieved with SPSS for
Windows 15.0 (Statistical Package for Social Sciences; SPSS Inc., Chicago, IL). A P
value less than 0.05 was accepted as signiﬁcant.
3. Results
Table 1 presents the histopathologic scores for all 6 groups.
It was found that the Torsion and Detorsion groups, comparedCellular degeneration
Mean score  SD
Inﬂammatory cells inﬁltration
Mean score  SD
Total score
Mean score  SD
0.3  0.7 0.7  0.4 3.0  1.3
1.3  0.5 1.5  0.7 7.2  2.3
2.0  0.5 1.5  0.5 9.3  1.0
0.7  0.4 0.5  0.5 1.8  1.2
1.2  0.4 1.1  0.3 4.5  0.9
















Sham group (I) 15.2  1.37 0.6  0.10 24.9  4.4
Torsion group (II) 24.0  0.97 0.5  0.16 53.1  18.6
Detorsion group (III) 28.1  1.68 0.2  0.11 128.3  62.1
Sham þ Curcumin
group (IV)
11.8  1.49 0.7  0.08 15.1  2.6
Torsion þ Curcumin
group (V)
16.7  1.82 0.6  0.10 22.7  7.5
Detorsion þ Curcumin
group (VI)
20.2  2.75 0.4  0.13 55.9  20.1
p Values
II/ I 0.001 N.S. 0.001
III/ I 0.001 0.001 0.01
IV/ I 0.002 0.08 0.001
V/ II 0.001 N.S. 0.002
VI/ III 0.001 0.046 0.002
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hemorrhage and inﬂammatory cell inﬁltration (p < 0.05).
Indeed, the mean score of degeneration, which indicates the
acute tissue damage in the antral follicles, was signiﬁcantlyFig. 1. a, b. Normal ovarian tissue structure in the Sham group (a. Curcumin treated group, b.
congestion in an untreated ischemic rat (H&E, 100), and d. in the same rat, a follicular struct
sections with a small amount of mild vascular congestion in a treated ischemic rat (H&E, 100
and apoptotic cells, as well as vascular congestion(H&E, 400), g. an ovarian tissue with sev
structure containing a large number of degenerate and apoptotic cells, as well as hemor
congestion, as well as mild hemorrhage, in a treated I/R rat (H&E, 100), and k. in the same r
well as congested structures (H&E, 400).higher in the Torsion and Detorsion groups than in the Sham
Group (Table 1). The total score for the histologic evaluation,
which is formed by the addition of all the histopathologic
scores of four ovarian injury parameters, was signiﬁcantly
higher in the Torsion and Detorsion groups than in the Sham
group (Table 1).
The mean levels of TOS, TAS, and OSI for each group are
presented in Table 2. It is clear that the TOS and OSI levels are
higher in the Torsion and Detorsion groups as compared with
the ones in the Sham group (p < 0.05). Also, in the Sham, Tor-
sion, and Detorsion groups, the OSI is in a strong correlation
with the indicator of total histologic evaluation and total histo-
logic score (r ¼ 0.809, p < 0.001). The mean levels of TOS and
OSI for the ovarian tissues of the rats with curcumin adminis-
tration were signiﬁcantly lower as compared with the control
groups (Sham, Torsion and Detorsion groups) (p < 0.05). Simi-
larly, the histopathologic scores for the rats performed with
curcumin, except for vascular hemorrhage and inﬂammatory cell
inﬁltration, were lower than the ones for the control groups
(p < 0.05). The levels of oxidative stress markers and the his-
tological scores for the treated and untreated groups are
compared in Tables 1 and 2. Also, the histologic morphologies of
the ovaries from the treated and untreated groups are illustrated
in Fig. 1.untreated group) (H&E, 400), c. ovarian sections containing a large amount of vascular
ure containing a large number of degenerate and apoptotic cells (H&E, 400),e. ovarian
),and f. in the same rat, a follicular structure containing a small number of degenerate
ere hemorrhage in an untreated I/R rat (H&E, 100), and h. in the same rat, a follicular
rhage and vascular congestion (H&E, 400), i. Ovarian sections including moderate
at, a follicular structure containing a small number of degenerate and apoptotic cells, as
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A literature review spanning over the last few decades has
revealed a scarcity in the documentation about the effects of
curcumin on ovarian I/R injury. This study is the ﬁrst to produce
evidence for the antioxidant properties of curcumin in the rat
ovary.
Due to the ischemia-reperfusion (I/R) injuries which arise from
ovarian torsion and detorsion, the ovarian tissues are inﬂicted
with both biochemical and morphological changes. This study
presents a histopathological evaluation of I/R injury through a
cellular scoring system. Yet, not all the previous studies have
provided a quantitative reporton the ovarian I/R injury.11,16 In the
present study, on the other hand, the ovarian specimens from the
Torsion group had higher scores for vascular congestion, hemor-
rhage, inﬂammatory cell inﬁltration, and follicular cell degenera-
tion when compared with the Sham Group. In the same way, the
studies using cellular scoring also found that the ovarian injury in
the Detorsion group is more severe than the one in the Torsion
group.17,18 Ischemia, which results from insufﬁcient blood ﬂow and
lack of oxygen, leads to a decrease in the production of ATP, an
increase in the production of lactic acid, and the accumulation of
lipid peroxidase (4e6). Through reperfusion, free oxygen radicals
are generated and activated neutrophils become accumulated both
activities release reactive oxygen species.3e5,19These species lead
to a further increase in the cellular damage in ischemic tissues due
to the peroxidation of lipids in mitochondrial and cell mem-
branes.3e6,19 In this study, the total scores of the cellular damage
presented a strong correlation with the oxidative stress in the
Torsion and Detorsion groups.
In the present study, to provide a more accurate assessment of
oxidative stress, both TAS and TOS levels, for the ﬁrst time ever,
were calculated using the newmeasurement techniques developed
by Erel.7,8 As the indications of increased oxidative stress and
decreased antioxidation in the ovarian torsion, we found that in the
Torsion and Detorsion groups the TOS and OSI levels as the markers
of oxidative stress were elevated and the TAS as the marker of
antioxidation was lowered as compared with the Sham group.
Curcumin has been reported as a useful agent both for the
prevention and treatment of I/R injury in many organs.9,10 It is also
reported that, not only in human but also in animal models of I/R,
curcumin provides curative effects in the treatment of numerous
diseases including cancer, diabetes, cardiovascular diseases,
arthritis, and Alzheimer’s disease.9 These protective effects are
mainly believed to be based on inhibitory actions of curcumin on
disease-mediated induction of inﬂammatory transcription factors,
protein kinases, adhesion molecules, oxidative stress and inﬂam-
mation.9,10 Besides, earlier documentation has revealed that the
administration of curcumin reduces the generation of reactive
oxygen species (ROS), monocyte adhesion, phosphorylation of c-
Jun N-terminal kinase (JNK), p38 MAP kinase, and signal trans-
ducer and activator of transcription (STAT)-3 in TNF-a-stimulated
cells.9,10,12,13 In this study as well, it was found that the adminis-
tration of curcumin prior to the conservative surgery (detorsion)
provides a signiﬁcant decrease for the oxidative stress markers (i.e.
T7OS and OSI) in the ovarian tissues. It was also revealed
that the comparison between the oxidative status (TOS and OSI)
and antioxidative status (TAS) is clear enough to suggest that
the administration of curcumin, as reported previously, leads to
a decrease in the oxidative stress and an increase in the
antioxidation.
We conclude that curcumin may reduce ovarian I/R injury by
means of its potent antioxidant activity. Yet, further studies are
required to elucidate other protective mechanisms of curcumin on
I/R ovarian tissues.Ethical approval
Ethical approval was given by Dicle University Ethics Committee
for animal research (DÜHADEK), Diyarbakır, Turkey.
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